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Abstract 
 Optical burst switching (OBS) is a promising switching technology for realization of terabit optical network. 
However, the lack of optical processing capability results in increased blocking probability and limits the network 
performance. Efficient contention resolution is therefore necessary. OBS networks are usually implemented using 
efficient contention resolution protocols like wavelength conversion, burst dropping etc. Wavelength conversion is 
the process of converting a wavelength on an incoming channel to another wavelength on the outgoing channel. In 
burst segmentation dropping scheme, rather than dropping the entire burst during contention, the burst may be broken 
into multiple segments, and only the overlapping segments are dropped. Comparative analysis between wavelength 
conversion and segmentation-based burst dropping techniques in optical burst switched network has been presented 
in this paper. Appropriate mathematical models have been developed to calculate call connection probabilities for 
both the techniques and results are validated through proper simulations. 
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1. Introduction 
 
With recent advances in wavelength division multiplexing (WDM) technology, the amount of raw 
bandwidth available in fiber links has increased by many orders of magnitude. Meanwhile, the rapid 
growth of Internet traffic requires high transmission rates beyond a conventional electronic router’s 
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capability. Harnessing the huge bandwidth in optical fiber, cost-effectivity is essential for the 
development of the next generation optical Internet. Several approaches have been proposed to take 
advantage of optical communications and in particular optical switching.  
  Optical burst-switching (OBS) [1-2] is one of the promising optical switching paradigms which have 
been proposed in order to efficiently use the raw bandwidth available at the optical (WDM) layer. OBS 
network consists of ingress and egress nodes and core nodes – built from optical and electronic 
components – connected by WDM links. The idea behind OBS is to combine the best of optical circuit 
switching and optical packet switching scheme. The basic principal of optical burst switching is to 
separate the control channels from data transmission channels. In an OBS network, client data packets are 
assembled into bursts and sent a short time after the corresponding control packet has been sent. The time 
between sending the control packet and the corresponding data burst is called the offset time, which can 
be either fixed or variable depending on the resource reservation protocol used. The offset time is needed 
for the control packets to be processed electronically as they go through O/E/O conversion at the core 
nodes, and for the switching fabric to be configured, before the arrival of the data bursts (DBs) to the core 
nodes. Without the need for data buffering, the DBs are switched all optically, then disassembled back 
into the original IP packets at the network egress (edge node), the control packet is usually delivered out-
of-band and carries among others the information about the burst length and the offset time at the next 
hop. 
  Although promising, OBS still has implementation challenges, which need to be overcome. These 
challenges include limited optical buffering and optical power and distortion management. The OBS 
implementation strategy includes both an electronic control processing mechanism for optical burst 
scheduling and an optical transmission technology utilizing wavelength cross-connects together with 
tunable lasers. 
 One of the challenging issues in the implementation of burst switching is the resolution of contentions 
that results from multiple incoming bursts that are directed to the same output port. In an optical burst 
switch, various techniques designed to resolve contentions include optical buffering, wavelength 
conversion, deflection routing and segmentation dropping. 
  A wavelength routed all optical network suffers from inefficiencies due to the wavelength continuity 
constraint as for instance defined in [3-4]. In order to eliminate or reduce the effects of this constraint, a 
device called a wavelength converter may be utilized. However, most of the studies have focused on 
optical networks that implement full wavelength conversion capabilities. Researchers in [5-8] have 
proposed analytical models for limited-range wavelength conversion networks, in which the wavelength 
converters can only convert a wavelength to a limited number of neighbouring wavelengths. 
  For the utilization of wavelength conversion technique additional resources are required in the 
network and/or nodes. Incase, additional resources are not available, or are scarce, it is beneficial to 
resolve contention using the burst dropping scheme [9]. To improve bandwidth utilization and efficiency, 
segmentation method was proposed in order to pass packets as many as possible using the fragmented 
resources. In this method, each burst is divided into multiple segments, and each segment is composed of 
some packets. When a burst contends with another burst, only the segments that overlap with the other 
burst are dropped, and the remaining segments will be scheduled [10-11]. 
In the present paper we have done the comparative analysis between wavelength conversion scheme and 
segmentation based dropping scheme in optical burst switching (OBS) network. Mathematical modelling 
for both the schemes is developed and the results are validated with proper simulations.  
 
2. Contention Resolution Schemes 
 
 Contention resolution is necessary for handling certain cases where two or more bursts try to reserve 
the same link and the same wavelength for the same time. This is called external blocking. In packet 
switching, this is avoided by buffering the contending packets. In OBS, when two or more bursts contend 
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for the same wavelength and for the same time duration, only one of them is allotted the bandwidth. In 
such case, one or a combination of the following three major options for contention resolution can be 
applied in addition to the option of dropping the unsuccessful bursts. 
Wavelength domain: By means of wavelength conversion, a burst can be sent on a different wavelength 
channel of the designated output line [12].  
Time domain: By utilizing an FDL buffer, a burst can be delayed until the contention situation is resolved. 
In contrast to buffers in the electronic domain, FDLs only provide a fixed delay and data leave the FDL in 
the same order in which they entered [12]. 
Space domain: In deflection routing, a burst is sent to a different output link of the node and consequently 
on a different route towards its destination node. Space domain can be exploited differently in case 
several fibers are attached to an output line. A burst can also be transmitted on a different fiber of the 
designated output line without wavelength conversion [12]. When there is no available unscheduled 
channel, and a contention cannot be resolved by any one of the above techniques, one or more bursts must 
be dropped. The policy for selecting which bursts to drop is referred to as the soft contention resolution 
policy and is aimed at reducing the overall burst loss rate, BLR, and consequently, enhancing link 
utilization [13]. Several soft contention resolution algorithms have been proposed and studied in earlier 
literature, including the shortest-drop policy [14] and look-ahead contention resolution [15]. In burst 
segmentation, only that part of the burst which is involved in a reservation conflict will be dropped. The 
contention resolution policies are considered as reactive approaches in the sense that they are invoked 
after contention occurs. An alternative approach to reduce network contention is by proactively 
attempting to avoid network overload through traffic management policies [16] 
 
2.1 Contention Resolution by Segmentation Based Dropping Scheme 
 
 However, sometimes the contention cannot be resolved with the methods like wavelength 
conversion, delay line etc due to the unavailability of wavelength converter, output port, or 
FDLs. If data loss becomes inevitable, the easiest resolution is to drop one of the contending 
bursts entirely even if the overlap between two bursts is minimal. This method cannot use 
bandwidth efficiently and the packet loss probability is very high in this case. To improve 
bandwidth utilization and efficiency, segmentation method was proposed in order to pass 
packets as many as possible using the fragmented resources. In this method, each burst is 
divided into multiple segments, and each segment is composed of some packets. When a burst 
contends with another burst, only the segments that overlap with the other burst are dropped, 
and the remaining segments will be scheduled. Researchers have proposed some 
segmentation dropping policies, such as Tail Dropping and Head Dropping [17]. 
 The first approach is to drop the tail of the first burst (fig. 1a), and the second approach is to drop the 
head of the contending burst (fig 1b). A significant advantage of dropping the tail segments of bursts 
rather than the head segments is that there is a better chance of in-sequence delivery of packets at the 
destination, assuming that dropped packets are retransmitted at a later time. One issue that arises when the 
tail of a burst is dropped is that the header for the burst, which may be forwarded before the segmentation 
occurs, will still contain the original burst length; therefore, downstream nodes may not know that the 
burst has been truncated. If downstream nodes are unaware of a burst’s truncation, then it is possible that 
the previously truncated tail segments will contend with other bursts, even though these tail segments 
have already been dropped at a previous node. These contentions may result in unnecessary packet loss. If 
a tail-dropping policy is strictly maintained throughout the network, then the tail of the truncated burst 
will always have lower priority, and will never preempt segments of any other burst. However for the 
case in which tail dropping is not strictly maintained, some action must be taken to avoid unnecessary 
packet losses. A simple solution is to have the truncating node generate and send out a trailing control 
message to indicate when the truncated burst ends. In this policy, the offset between the trailer packet and 
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the end of the truncated burst is similar to the offset between the header and the start of the burst. In a 
head-dropping policy, the head segments of the contending burst will be dropped. A head-dropping policy 
will result in a greater likelihood that packets will arrive at their destination out of order. Also, the control 
message of the contending burst would need to be modified and delayed. The advantage of head-dropping 
is that it ensures that, once a burst arrives at a node without encountering contention, then the burst is 
guaranteed to complete its traversal of the node without preemption by later bursts[18].  
 
 
 
 
 
 
 
 
 
 
3.1 Mathematical Model of All Optical Networks Using Wavelength Conversion for Contention 
Resolution:  
 
 Consider an optical network with nodes, L links and W wavelengths available. At any time each 
wavelength (λ1, λ2, ……., λw) will be busy in any link with probability ρi (i=1,2,…..,W). Then the 
probability that the wavelength λi is free in any link is 1- ρi.  Now assume a network configuration with a 
constraint on the maximum number of wavelength conversions allowed. Let C (0≤C≤L) be the upper 
limit of the number of wavelength conversions permitted. Here the call can be blocked in two cases:  
 
 Case 1. Any one link in the path is completely blocked because all wavelengths are busy in that link. 
Suppose a call has to be made from Node 1 to Node N. If C=0, i.e, no wavelength conversion is allowed 
in the network, then the call will be blocked on any wavelength λi if the wavelength is busy in any one 
link in the path. Thus, the call blocking probability on any one wavelength λi is given by, 
Pi = P (λi is busy in L links) +P (λi is busy in L-1 links) +P (λi is busy in L-2 links) +……+P (λi is busy in 
1 links) 
Now, the wavelength λi can be busy in k out of L links in K
LC ways. So, the probability that λi is busy in 
k out of L links is given by 
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Thus the total call blocking probability for all the W wavelengths is given by 
W
i
iB PP
1
                (3) 
So the total call connection probability is given by  
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So the probability that one or more links out of L links are blocked is given by  
PB1 = P(1 link is blocked)+P(2 links are blocked)+P(3 links are blocked) +···+P(L links are blocked) = 
PB,1+PB,2+PB,3+. . . PB, L. 
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L PPCPB )1()(1                    (5)             
Case 2. All the links are individually free, but a wavelength is busy in more than C links in the network, 
thereby necessitating more than C wavelength conversions. 
 Let us take case 2. In this case the call is blocked if a wavelength is busy in more than C links. Now a 
wavelength can be busy in k out of L links in LCk ways. So, the probability that a wavelength is busy in k 
links is given by 
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The probability that a call will be blocked on wavelength i is given by 
Pi = P ( i is busy in C+1 links) +P ( i is busy in C+2 links) + ··· +P( i is busy in L links) 
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So, the probability that a call will be blocked on all the wavelengths is given by  
 
PB2 = P (the call is blocked on 1) ×P (the call is blocked on 2) × ··· ×P (the call is blocked on W), 
W
i
iPPB
1
2                  (8) 
Hence the total call blocking probability in the case of a network with a wavelength conversion constraint 
is given by 
 
PB = PB1+PB2−PB1×PB2.               (9) 
 
So the call connection probability is 
 
PC = 1−PB               (10) 
 
This expression provides the total call connection probability in a network.  
 
3.2. Model of All Optical Network Using Segmentation Based Dropping Scheme for Contention 
Resolution 
 
The segmentation based dropping core nodes can be modelled as M/G/∞/NEWE system [19]. The packet 
loss probability is given by 
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Here the burst arrival process is Poisson with mean rate λ. The burst lengths are distributed with mean 
1/μ. Let L represents the number of output links and each output link contains W data wavelength 
channels, n is the multiplication of the number of output links and the number of data channels in an 
output link, that is n=LW. NEWE is the number of input channels. In this case   
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The net blocking probability remains the same as before, which is 
 
2121 xPBPBPBPBPB              (14) 
 
This equation simply is a union of the 2 call blocking probabilities obtained due to 2 different factors. 
The Call connection probability is given by:  
 
PBPC 1              (15) 
 
4. Simulation and Results 
 
Fig. 2 depicts the comparative analysis of call connection probability vs incoming traffic intensity for 
both wavelength conversion and segmentation based dropping scheme for different values of L in an 
optical burst switching network (OBS). It is evident from fig.2 that the call connection probability falls 
 
    
                                    Fig. 2(a)                 Fig.2(b) 
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                                  Fig. 2(c)              Fig. 2(d) 
 
Fig. 2: Call connection probability vs Traffic intensity plot 
 
quickly with increasing traffic intensity for both the above mentioned contention resolution methods in 
OBS network. The qualitative nature of the graphs for different values of  L are same but roll-off rate of 
call blocking probability is being influenced greatly by the increasing number of wavelength converters 
and number of available output links. Initially when the number of available wavelength converters (WC) 
in the node is less (C=2) then the segmentation based dropping scheme shows better performance for 
different values of L as shown in fig 2(a). This result reveals that if the numbers of available WC are less 
then segmentation based dropping scheme shows better performance and provides better call connection  
probability, but as the number of WC are increasing the performance of the wavelength conversion 
scheme is gradually improving as evident from fig 2(b) & 2(c). It is interesting to note that the relative 
improvement is pronounced for all the values of L. It can be seen from fig. 2(d) that when number of WC 
are sufficiently high then the performance of wavelength conversion scheme is better for all values of L.  
These observations can be useful for the network designer to take decision that which of the schemes 
should be employed to achieve optimized network performance.  
 
5. Conclusion 
 
Contention is a major concern in OBS networks. So this process demands efficient contention resolution, 
which can be done by optical buffering, wavelength conversion, deflection routing or segmentation burst 
dropping. In this paper we have analyzed the comparative performance between segmentation burst 
dropping and wavelength conversion techniques for contention resolution in optical burst switching 
networks. The traffic response found from simulation is very close to the expected theoretical results. 
Qualitative studies have been performed in due consideration of segmentation dropping and wavelength 
conversion scheme. All simulations have been carried out using MATLAB tools and libraries. 
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